Introduction
Cephalometric analysis may indicate that a skeletal Class III malocclusion may be due primarily to mandibular protrusion, maxillary retrusion, or a combination of the two (Dellinger, 1973; Mermigos et al., 1990) .
The contribution of maxillary retrusion to a Class III malocclusion has been evaluated in several studies (Sanborn,the successful results of facemask therapy without RPE, maxillary expansion has been recommended as a routine part of Class III correction even in the absence of maxillary constriction or crowding (Turley, 1996; Baccetti et al., 1998; Ngan et al., 1998; Saadia and Torres, 2000) . In the absence of maxillary constriction, the rapid palatal expander is still usually activated for 7-10 days, with different daily activations (Turley, 1996; Baccetti et al., 1998; Ngan et al., 1998; Saadia and Torres, 2000) . In instances in which maxillary expansion is necessary, activation of the maxillary expander depends on the amount of constriction (Baccetti et al., 1998; Saadia and Torres, 2000) . The main benefits of palatal expansion include expansion of a narrow maxilla and loosening or activation of the circum-maxillary sutures, and initiating a downward and forward movement of the maxillary complex (Turley, 2007) .
A repetitive weekly protocol of alternate rapid maxillary expansion and constriction (Alt-RAMEC) was presented by Liou (2005a) to disarticulate the circum-maxillary sutures. With this protocol, the maxilla is expanded 1 mm/day for 1 week, then constricted 1 mm/day for the next week with a two-hinged rapid maxillary expander. This procedure can be repeated for 7-9 weeks to disarticulate the maxilla (Liou, 2005a,b; Liou and Tsai, 2005) . The rationale is similar to 707 ACTIVATION-DEACTIVATION RPE AND REVERSE HEADGEAR that of simple tooth extraction, in which the tooth is rocked buccally and lingually until it is 'loosened' from the alveolar socket (Liou, 2005a,b; Liou and Tsai, 2005) . Thus, the maxilla is disarticulated without being over-expanded (Liou, 2005b; Liou and Tsai, 2005) .
Intraoral maxillary protraction springs were used for the protraction of the maxilla in the above-mentioned treatment protocol (Liou, 2005a,b; Liou and Tsai, 2005 ). An average anterior movement of point A of 5.8 mm was observed with 9 weeks of Alt-RAMEC in cleft patients (Liou and Tsai, 2005) ; whereas, 2.6 mm anterior movement of point A was reported with RPE for 1 week (Liou and Tsai, 2005) . This difference was attributed to the Alt-RAMEC, which opens the circum-maxillary sutures more extensively than 1 week of RPE. To test this assumption, Wang et al. (2009) , in an experimental study on cats, quantitatively studied the extent of circum-maxillary suture opening after 1 week of RPE and after 5 weeks of Alt-RAMEC. The results supported the assumption that Alt-RAMEC opens the circum-maxillary sutures more extensively than RPE (Wang et al., 2009) .
The aim of this study was to evaluate and compare the dentofacial effects of 1 week of RPE and activationdeactivation A/D-RPE protocols with reverse headgear (RH) application.
Subjects and methods

Case selection
Ethical approval was obtained from the Medical Faculty Ethics Committee of the University of Ondokuz Mayis (EK: 135) and all patients and their guardians consented to participate in this study after receiving verbal and written explanations. This prospective study comprised 30 patients (14 females and 16 males) with an Angle Class III molar relationship, negative overjet, erupted upper first premolars, a concave profile, and a Class III skeletal pattern (ANB less than 0 degrees) due to a retrusive maxilla with or without mandibular protrusion. None of the patients had any craniofacial anomalies (e.g. cleft lip and palate). Two groups, each containing seven females and eight males, were composed.
Appliances for Class III correction
The Hyrax RPE appliance was constructed using bands on the posterior teeth. Bands were fitted on the maxillary first premolars and permanent first molars. A jack screw (A0620-11; Leone SpA, Firenze, Italy) was placed at the midline; the anterior and posterior extensions were soldered to premolar and molar bands, respectively. In addition, a lingual wire was soldered from the premolar band to the molar band for rigidity. A 0.045 inch wire was soldered bilaterally to the buccal aspects of the molar bands and extended anteriorly to the canines for elastic traction.
In the RPE group (average chronological age 11.94 ± 1.62 years), the screw was activated twice daily (0.20 mm per turn) for 1 week. The screw was opened for 2.8 mm. At the end of this period, expansion was stopped and the patients were instructed to wear the RH.
In the A/D-RPE group (average chronological age 11.34 ± 1.81 years), the screw was activated twice daily (0.20 mm per turn) for 1 week. Subsequently, the screw was deactivated twice daily (0.20 mm per turn) for 1 week. At the end of each activation or deactivation period, the patients were examined to control opening or closing of the screw. This activation and deactivation protocol was repeated once more. After this activation and deactivation protocol, the patients were instructed to wear the RH (Figure 1) .
In both groups, a Delaire type RH was used. The protraction elastics were attached to the hooks mesial to the maxillary canines with a downward and forward pull of 20 degrees to the occlusal plane. During the first 3 month period, a total force of 700 g was applied in both groups (16-18 hours/day). For the second 3 month period, the RH 
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was used for 12 hours/day and for the following 6 months for 6 hours/day (nighttime) both with the same force level.
Cephalometric analysis
For both groups, cephalometric films were taken before treatment (T1) and at the end of the first (T2) and second (T3) 6 month treatment periods.
Lateral cephalometric tracings at T1, T2, and T3 were superimposed on the cranial base. The changes in the cephalometric landmarks in the sagittal plane between the two tracings were measured by a Cartesian co-ordinate system. A horizontal reference line (SN) was used as the x-axis. A perpendicular line (VRL), passing through sella to the x-axis, served as the y-axis. Thirty-three cephalometric variables (14 skeletal, 10 dental, and nine soft tissue) were used to evaluate changes of the dentofacial structures and the soft tissue profile (Figure 2 ). All cephalometric tracings and measurements were performed by one author (DI).
Statistical analysis
Intragroup differences of each landmark at T2-T1, T3-T2, and T3-T1 were analysed with a paired t-test (P < 0.016), and intergroup differences were compared with an independent t-test (P < 0.05). Four weeks after the first measurements, tracing and calculations of the cephalograms of 15 subjects were undertaken by the same author. Intraclass correlation coefficients were found to be within 0.91-0.98. Table 1 shows the comparisons of the mean initial angular and linear measurements for the dentofacial structures and the soft tissue profile between the RPE and A/D-RPE groups. No statistically significant difference was observed between the two groups.
T1 to T2 changes
At the end of the first 6 months, anterior movement of point A (VLR-A, FH┴N-A) and posterior movement of points B and Pg (VRL-B, VRL-Pg) were significant for both groups ( Table 2 ). The increase of SNA, decrease of SNB, and increase of ANB angles were significant for both groups.
Total (N-Me) and upper anterior (N-ANS) face heights increased significantly during the first 6 months for both groups. Furthermore, maxillary posterior height (S-PNS) and posterior face height (S-Go) demonstrated a significant increase for both groups. Both groups presented significant increases for SN/Go-Gn and ANS-PNS/Go-Gn angles. However, the maxillary plane angle (SN/ANS-PNS) showed a significant decrease, but only for the A/D-RPE group.
Anterior movement of the upper incisors (VRL-U1) and posterior movement of the lower incisors (VRL-L1) were significant for both groups. Furthermore, vertical movement of the upper incisors (U1-MaxP) and first molars (U6-MaxP) and lower incisors (L1-MandP) and first molars (L6-MandP) were significant. The decrease of overbite and increase of overjet were significant for both groups.
At the end of the first 6 months, anterior movement of the upper lip (Ls-E line, VRL-Sn, VRL-Ss, and VRL-Ls) was significant for the RPE and A/D-RPE groups. Soft tissue B (VRL-Si) and Pg (VRL-Pg′) points moved posteriorly for both groups.
Anterior movement of point A and the increase of SNA angle presented significant differences between the groups. Anterior movement of the upper incisors in the A/D-RPE group was significantly greater than in the RPE group.
The increase of ANB angle and overjet was significantly greater in the A/D-RPE group. Furthermore, anterior movement of the upper lip (Ls-E line, VRL-Ss, and VRLLs) showed a significant difference between the groups.
T2 to T3 changes
At the end of the second 6 months, total and upper anterior face heights and maxillary posterior height increased significantly in both groups (Table 3) . Vertical movement of the upper incisors, anterior movement of the lower incisors, and anterior movement of Sn, Ss, Ls, and Pg soft tissue points were significant for both groups.
In the RPE group, vertical movement of the upper first molars, the increase of posterior face height, the vertical movement of the lower incisors and the first molars, and the anterior movement of soft tissue point B were statistically significant.
In the A/D-RPE group, anterior movement of point A and the upper incisors, the increase of lower incisor inclination (L1/MandP), anterior movement of the lower lip, and increase of overbite were significant.
Anterior movement of points A and Sn demonstrated significant differences between the groups.
T1 to T3 changes
At the end of 12 months, anterior movement of point A and posterior movement of points B and Pg were significant for (Table 4 ). The increase of SNA, decrease of SNB, and increase of ANB angles were significant for both groups. Total and upper anterior face, maxillary posterior, and posterior face heights demonstrated significant increases for both groups. Both groups presented significant increases for SN/Go-Gn and ANS-PNS/Go-Gn angles. However, the maxillary plane angle showed a significant decrease but only for the A/D-RPE group.
Anterior movement of the upper incisors and vertical movement of the upper incisors and first molars were significant for both groups. Vertical movement of the lower incisors and lower first molars were significant. Overjet increase was significant for both groups. Posterior movement of the lower incisors and the decrease of overbite were significant in the RPE group only.
Anterior movement of the upper lip was significant for both groups. In the RPE group, posterior movement of soft tissue Pg point was significant.
Comparison of the mean changes between the RPE and A/D-RPE groups showed that the anterior movement of point A, the increase of SNA angle, the anterior movement of the upper incisors, and the increase of maxillary posterior Table 2 Significance of mean changes during first 6 months (T2-T1) for the rapid palatal expansion (RPE) and the activation/deactivationrapid palatal expansion (A/D-RPE) groups (paired t-test) and comparison of these changes between the two groups (independent t-test). ns, non-significant; minus sign values indicate a decrease. *Intragroup comparison, paired t-test *P < 0.016, **P < 0.0033, ***P < 0.00033 **Intergroup comparison, independent t-test *P < 0.05, **P < 0.01, ***P < 0.001.
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height were significantly greater in the A/D-RPE group. The increase of ANB angle and overjet showed significant differences between the RPE and A/D-RPE groups. Furthermore, the anterior movement of Sn, Ss, and Ls points was significantly greater in the A/D-RPE group. Skeletal and dentoalveolar changes contributing to overjet correction are given in Figure 3 for both groups. For the RPE group, the overjet correction was 92.5 per cent skeletal and 7.5 per cent dentoalveolar, and for the A/D-RPE group 93 and 7 per cent, respectively.
Discussion
In the present study, expansion was performed to release the maxillary sutures in all patients regardless of an existing crossbite. In the RPE group, the screw was activated twice Table 3 Significance of mean changes during second 6 months (T3-T2) for the rapid palatal expansion (RPE) and the activation/ deactivation-rapid palatal expansion (A/D-RPE) groups (paired t-test) and comparison of these changes between the two groups (independent t-test). ns, non-significant; minus sign values indicate a decrease. *Intragroup comparison, paired t-test *P < 0.016, **P < 0.003, ***P < 0.0003. **Intergroup comparison, independent t-test *P < 0.05, **P < 0.01, ***P < 0.001. 712 daily (0.20 mm per turn) for 7 days. Alcan et al. (2000) performed 2 mm of expansion for 1 week to release the maxillary sutures and to enhance the protraction procedure.
In the absence of a posterior crossbite, the activation of the rapid palatal expander ranged from three times a week to once or twice daily for 7-10 days (Turley, 1996; Baccetti et al., 1998; Ngan et al., 1998; Saadia and Torres, 2000) . If each activation is 0.25 mm, the amount of maximum expansion would range from 0.75 to 3.5 or 5.0 mm. In the A/D-RPE group, the activation and deactivation of the screw was performed for 4 weeks, i.e. activation, deactivation, and activation and deactivation. Screw activation or deactivation was 2.8 mm/week. This is accepted as maxillary expansion of 11.2 mm (4 × 2.8 mm) by Liou and Tsai (2005) . The results at T2 and T3 showed that the repetitive activation and deactivation protocol of 4 weeks with RH application resulted in more effective protraction of the maxilla than 1 week RPE with RH application. At T3, point A moved anteriorly 4.13 mm in the A/D-RPE group. This is approximately twice the amount when compared with the RPE group (2.33 mm). Liou and Tsai (2005) reported that maxillary advancement in the Alt-RAMEC group was two Table 4 Significance of mean changes during 12 months (T3-T1) for the rapid palatal expansion (RPE) and the activation/deactivationrapid palatal expansion (A/D-RPE) groups (paired t-test) and comparison of these changes between the two groups (independent t-test). ns, non-significant; minus sign values indicate a decrease. *Intragroup comparison, paired t-test *P < 0.016, **P < 0.003, ***P < 0.0003. **Intergroup comparison, independent t-test *P < 0.05, **P < 0.01, *** P < 0.001. to three times greater than that with RPE and a facemask. This greater amount of maxillary advancement has been attributed to the expansion device (two-hinged expander), expansion protocol (Alt-RAMEC), and the intraoral protraction springs (Liou and Tsai, 2005) . Liou and Tsai (2005) suggested that with Alt-RAMEC, the circummaxillary sutures were separated and stretched to a greater degree than with RPE alone. This hypothesis was corroborated with the experimental study of Wang et al. (2009) who concluded that Alt-RAMEC opened the sagittally and coronally running circum-maxillary sutures quantitatively more than RPE. Merwin et al. (1997) reported 2.1 mm anterior movement of point A for 9-to 12-year-old patients treated with RPE and reverse-pull headgear. Sung and Baik (1998) found 1.7 mm anterior movement of point A for a 12-year-old age group treated with RPE and a facemask. In the study by Cha (2003) , anterior movement of point A was 0.97 mm for the older age group (13.07 years mean chronological age) treated with RPE and a facemask. Kapust et al. (1998) observed 1.97 mm anterior movement of point A for a 10-14 age group treated with RPE and a facemask. Anterior movement of point A of 2.33 mm in the RPE group in the present investigation is in agreement with the results of those studies (Merwin et al., 1997; Kapust et al., 1998; Sung and Baik, 1998) . Nevertheless, forward movement of point A in the A/D-RPE group was more pronounced when compared with the findings of Merwin et al. (1997) , Kapust et al. (1998) , and Sung and Baik (1998). Posterior rotation of the mandible and an increase of anterior face height were observed for both groups in the present study. These findings are in accordance with previous investigations (Merwin et al., 1997; Kapust et al., 1998; Sung and Baik, 1998; Cha, 2003) . The posterior rotation of the mandible and the increase of anterior face height may be due to a combination of vertical maxillary movement, extrusion of the maxillary molars, and the chin cup effect (retraction force) of RH (Merwin et al., 1997; Kapust et al., 1998; Sung and Baik, 1998) . In both groups, the maxillary plane angle decreased; however, a significant decrease (1.53 degrees) was observed only for the A/D-RPE group. In the studies of Merwin et al. (1997) , Kapust et al. (1998), and Cha (2003) , the decrease in the maxillary plane angle ranged from 0.80 to 1.46 degrees.
The increase in ANB angle showed a significant difference between the RPE and the A/D-RPE groups at T3. Posterior movement of point B and the decrease of SNB angle did not demonstrate any significant difference between the two groups, whereas the increase of SNA angle showed a significant difference. Thus, it might be stated that the pronounced increase of ANB angle originated from the greater anterior movement of point A and concomitant increase of SNA angle in the A/D-RPE group.
There was a significant difference in the correction of overjet between the two groups at T3. The greater overjet correction in the A/D-RPE group might be attributed to the greater forward movement of the maxilla and upper incisors. Even though greater anterior movement of the upper incisors in the A/D-RPE group was observed, skeletal and dental changes contributing to overjet correction were similar for both groups.
Overjet correction was achieved by 92.5 per cent skeletal and 7.5 per cent incisor tipping in the RPE group. In the A/D-RPE group, skeletal and dental contributions were 93 and 7 per cent, respectively. Maxillary skeletal contribution (57.9 per cent) was higher than mandibular skeletal contribution (35.1 per cent) to overjet correction in the A/D-RPE group, whereas, in the RPE group, the percentage of maxillary (46.8 per cent) and mandibular (45.7 per cent) contributions were almost equal. Overjet correction was primarily the result of forward movement of the maxilla and posterior rotation of the mandible in both groups. Cha (2003) reported that in the older age group, skeletal and dental contributions to overjet correction were 63.1 per cent (maxillary 24.1 per cent and mandibular 39.0 per cent) and 36.9 per cent (maxillary 30.5 per cent and mandibular 6.5 per cent), respectively. However, in that study, the mean chronological age of the older group was 13.07 years. The higher skeletal contribution observed in the present study might be explained by the age difference. In the study of Merwin et al. (1997) , skeletal and dental contributions to overjet correction were 63 per cent (32 per cent maxilla and 31 per cent mandible) and 37 per cent (26 per cent maxilla and 11 per cent mandible), respectively, for 9-to 12-yearold patients. In the present study, significant anterior 
